ABSTRACT
INTRODUCTION
Urbanization and industrialization have resulted in steady economic growth in most countries including India as obvious from the 5.3% GDP growth rate in 1985 to as high as 7.4% in 2014, as per World Bank data [1] . Combined with appalling increase in the population and improved living standards, a significant increase in MSW generationensued. Economic development has a direct impact on the per capita MSW generation [2] . Figure 1 shows the projected steady increase in urban population and the corresponding increase in MSW generated, as reported by Annepu (2012) [3] . Figure 2which has been prepared using World Bank data shows the generation MSW in India as well as other prominent countries. In all the cases, a much higher waste generation rate is expected by 2025. Uninterrupted urban migration has further added to the complexity of MSW generated. Due to the negligence of the concerned authorities, most of the urban centers are overwhelmed by the problems posed by inadequate garbage management. With far higher generation rates anticipated in the future, the waste disposal techniques adopted in India now are abysmal. The conventional management techniques adopted include aerobic composting, vermicomposting, biomethanation and landfilling, most of which have high land requirements. With population explosion and urban migration on the rise, land has become a scarce resource, making it inadequate to manage and dispose the generated MSW. In contrast to unscientific disposal of wastes in random and remote locations, the need of the hour is a prompt and well devised technique to handle the huge quantities of MSW generated per day. Collection and segregation of wastes are integral parts of an ideal solid waste management system. Community bin collection system was widely used until recently, when the need for door to door collection system was realized. Furthermore, open collection points pose grave environmental and health hazards. The MSW (Management and Handling) Rules, 2000 emphasises the setting up of containers for waste collection based on the waste generation potential of the local population. Figure 3 shows the wide variations in the quantities of MSW generated, collected and treated as per Central Pollution Control Board (CPCB) statistics last updated in 2012. The collection and segregation of MSW at the source still continue to be a matter of concern and house-to-house collection is yet to gain momentum in most of the cities. In spite of the government initiatives like MSW(Management and Handling) Rules, 2000and the inclusion of NGOs and private agencies to assist in collection, segregation and transport operations, collection efficiency of MSW in Indian cities continues to be on an average of only about 72% [2, 3, 5] . Ensuring proper segregation at the source is instrumental in determining the efficiency of various MSW management practices. Figure 3 : Quantities of MSW generated, collected and treated [6] In spite of thehuge quantities of MSW generated, especially in the metros, the characteristics of the MSW have been varying slightly in favour of thermal disposal techniques like incineration. The more developed and urbanized the country is, the more is the paper and plastic content of the MSW. In India, paper which constituted about 3% of the MSW in the 1970s rose to about 8-9% by 2005. Also plastic which was hardly 1% of the MSW composition in 1970s turned to be approximately 10% of MSW by 2005 [2] . Figure 4 shows the paper, plastic and organic fraction of MSW in developed and developing countries. While developed nations like US and France have high paper and plastic fraction, developing countries like India have high organic content, and hence low calorific value. High inerts fraction and moisture content and consequently the low calorific value of MSW had made thermal treatment techniques for MSW management least preferable in India, until recently.The social stigma to the thermal treatment facilities and the Not In My Backyard (NIMBY) syndrome of the public has further deterred the widespread use of thermal treatment facilities.
Increasing population and the living standards bring in yet another hurdle of enormous energy demand. It is in this context that the thermal treatment facilities offer yet another boon besides rapid MSW disposal. With increasing heat content of the generated MSW, it is possible to recover a part, if not full of the energy and use it to satisfy the increasing energy demands.This paper primarily aims at analyzing the variation in the composition of MSW through the years and consequently their heat contents and how it has affected the various treatment techniques.
WASTE GENERATION AND CHARACTERISTICS: A TIMELINE
As mentioned earlier, India has witnessed an almost steady economic growth, and an overly sturdy growth in population. India has been continuously one of the ten fastest growing medium large countries.
Census 2011 records 5000 towns in India and more than 27.8% of the population resided in urban areas. With migration rates increasing every year, the current value is expected to be alarmingly high. With simultaneous increase in GDP and population, a subsequent increase in MSW generation was observed. While the quantity increased from 6 to 48 million tons during 1947 to 1996, at 4.25% growth annually, it is estimated to reach a disturbing value of 300 million tons by 2047 [6] . From Figure 1 , it can be observed that India whose current per capita generation rate is 0.34kg/capita/day is expected to have an even higher rate of 0.70 kg/capita/day by 2025 [1] . Figure 5 shows the per capita MSW generation rates in different states, of which Delhi, Gujarat and Tamil Nadu have comparatively higher rates. The data for preparing the same has been obtained from Status of MSW Generation, collections, treatment and disposal in class-I cities [3, 4] .
Apart from the huge amount of MSW generated, there were also wide fluctuations in the MSW characteristics. The composition of MSW depended on a multitude of factors like food habits, living standards and lifestyle, climate, culture etc.From Figure 4 (prepared from World Bank data), it is evident that organic fraction of MSW is higher in lower middle income countries like India, Bangladesh and Nepal, while paper and plastic constitute a major fraction of high income countries like US and Canada, giving high heat content to their MSW. However, Indian MSW has undergone significant compositional changes over the years. Figure 6 shows the variation in combustibles, non-combustibles and compostables in MSW generated in Delhi from 1971 and projected to 2024 [2, 5, 8, 9] . While the compostable fraction showed marginal decrease, noncombustibles and combustible fraction showed considerable variation in projected values, with former reducing and latter increasing significantly. Furthermore, analyzing the calorific valuesof raw MSW from various cities (Figure 8 ), it was observed that Delhi, Hyderabad, Bengaluru and Coimbatore have high values, above 1500kcal/kg while Ludhiana has a calorific value above 2400kcal/kg [5] [6] [7] [8] [9] . This makes the MSW generated in these cities amenable to thermal treatment techniques like incineration.
CONVENTIONAL MANAGEMENT OPTIONS
MSW management has always been a headache, especially for developing economies. In India, with high urbanization and population growth, this poses an acute problem. With MSW generation more than 8282.6 tons per day for a metro city like Delhi (2009) [8] , conventional management options like biomethanation, composting and landfilling become unfeasible. Moreover, land requirement for these techniques makes it all the more difficult to cater to the huge quantities of MSW generated. Figure 9 shows the increasing demand for land for MSW disposal projected to 2047 [13] . In majority of the metropolitan cities, MSW is dumped unscientifically in open dumps resulting in grave environmental issues, like leaching of heavy metals to groundwater and surface water sources, greenhouse gas emissions, flies and odour nuisance, to name a few. With limited land availability [13, 14] and high MSW generation rates [2, 8] the future implementation of these techniques are questionable. However, with varying waste characteristics and increasing heat content, [11] andin light of the aforementioned concerns, thermal treatment route, may perhaps prove to be a viable option.
The desirable range of the waste parameters for the implementation of various waste to energy technologies are as tabulated in Table 1 . Energy can be recovered in the form of electricity or heat or can be used to obtain a fuel source in the form of Refuse Derived Fuel (RDF), biogas, etc. Energy from MSW can be used as an alternative energy source to cater to high power demands and reduce the pressure on the conventional energy sources. The ministry is actively involved in promoting and funding the setting up of waste to energy facilities.
The major drawback of conventional management techniques like composting is that it is time consuming. To get ripe compost, aerobic windrow composting method requires about 2 to 3 months, whereas vermi-composting takes about 1.5 months. Rotary drum composting requires about 3 weeks, which is a comparatively faster technique. With 0.34kg/capita/day MSW generation rate and population increasing by the minute, such slow techniques tend to be ineffective. Not only do the waste to energy facilities offer a rapid solution to mounting MSW problem, but also result in significant reduction in waste volumes by almost 60-90% [15] . Moreover, it helps generate energy from MSW, thus helping to reduce the dependence on fossil fuels and eventually reducing the green house gas emissions.
THERMAL TREATMENT TECHNIQUES: INCINERATION
In spite of the various thermal treatment options available, incineration is the most widely used technique. Incineration is a controlled and complete combustion of wastes, at high temperatures ranging from 850 0 C to as high as 1200 0 C, resulting in reduction in volume by about 80-90% and destruction of toxic and hazardous matter.Being highly exothermic, the process releases large quantities of heat which can be used for production of steam, heating water and electricity. As per generally followed norms, MSW can be incinerated autogenously if its calorific value is above 2400kcal/kg; if it is between 1500-2400 kcal/kg, incineration is possible with the aid of an auxiliary fuel.When the calorific value of the MSW is less than 1200-1500kcal/kg, incineration route is usually dismissed [9] . Incineration of MSW was not employed much in India, largely due to high organic content(40-60%), low calorific value(800-1100kcal/kg) and high moisture content(40-60%) [14] . However, with its changing characteristics, incineration might perhaps be a favourable choice for MSW management and energy recovery at present. For instance, calorific value of raw MSW generated in Delhi increased from a humble value of 661kcal/kg in 1982 to around 2000 kcal/kg in the year 2010 [7, 8, 15] . It is expected to reach more than 2100kcal/kg by 2024.
With economic growth has increased the demand for electricity generation. The installed electricity generation capacity has increased from 66GW in 1991 to 278.734GW in 2015 [16] [17] [18] [19] ,Ministry of New and Renewable Energy (MNRE) studies reveal that by 2030, coal and oil will contribute to 51% and 13% of the total power generation respectively. However, due to increasing energy demand and depleting fossil fuel deposits, it has become obligatory to consider alternative energy sources. MNRE considers waste to energy as an ideal option to tackle India's energy deficit problems and disclosed that urban MSW has an energy recovery potential of 500MW. Figure 10 prepared using data provided by MNRE shows the energy potential of MSW generated in Indian cities, of which Maharashtra has a high potential of around 250MW.
Figure10: Energy potential of MSW generated
In an effort to promote the waste to energy thermal facilities, MNRE provides subsidies and grants under their programme Energy Recovery from Municipal Waste, with an objective of accomplishing international emission standards for waste to energy plants in India.
Despite the various benefits offered by thermal waste to energy facilities, India is yet to have a full fledged and fully operational waste to energy facility. The existing units in India are faced with a number of constraints. India lacks a proper waste segregation stream and this poses a major hindrance to proper functioning of these facilities. Some of the state of the art units like Timarpur plant, Delhi closed down not due to faulty technology, but due to the inconsistencies in the MSW properties. Further, being a new concept, it is yet to gain acceptance and numerous apprehensions associated with this technology add to the problems. The Not In My Backyard attitude of the general public has been adverse to the successful implementation and functioning of thermal waste to energy facilities. Besides, most of the proven technologies need to be imported and financial resources are inadequate with Municipal Corporations and Local Bodies.
In spite of various benefits offered by thermal waste to energy facilities, there are several shortcomings too. Thermal treatment is a cost-intensive process and requires skilled labour during operation and maintenance. Yet another downside to this technology is that if not properly monitored, it can cause air pollution problems due to release of obnoxious gases like SO X , NO X , HF, dioxins, HF etc. Stringent regulations are required to ensure the adherence of the functioning units with the existing emission standards. Table 2 gives the operating and emission standards for incinerators in India. One of the major pitfalls in this regard is the absence of emission standards for dioxins and furans. These are extremely toxic and tend to cause severe cancerous, developmental and reproductive defects. However the standards are being revised and hence will be enforced in near future. Yet another hurdle faced by thermal facilities is the seasonal variation of waste characteristics which can directly affect the calorific values and in turn, the efficiency of the plant. 
CONCLUSION
Expanding economy and steady population growth have brought the MSW generation in India to an all time high leaving conventional management options ineffective. Poor state of integral operations like collection and segregation further adds to pollution load due to MSW. With higher MSW generation rates anticipated in the future, thermal waste to energy facilities might perhaps prove to be a better management solution. Higher land requirements and slower treatment rates in the conventional route further calls for faster disposal techniques like incineration. Although previously constructed thermal waste to energy had failed owing to the low heat content of the MSW generated, the composition and properties of MSW have been changing ever since. Lower inert and biodegradable fraction and higher paper and plastic content have significantly increased the energy recovery potential of MSW over the years. Besides, the energy recovered could also be used to meet the ever increasing power demands of the country. MNRE has been engaging in promoting waste to energy facilities and estimates to generate 5000 MW from urban MSW by 2020.
